Background/Objectives: Mediterranean diet has favorable effects on the cardiovascular system, whereas albuminuria is associated with atherosclerosis progression. The aim of the study was to assess the relationships of adherence rates to the Mediterranean diet with albumin to creatinine ratio (ACR), in a cohort of Greek adolescents who participated in the Leontio Lyceum ALbuminuria (3L) study. Subjects/Methods: In a total of 365 adolescents 12-17 years of age included in 3L study, ACR values were determined in a morning-spot urine. Results: The Mediterranean diet Quality Index for children and adolescents (KIDMED) was estimated and accordingly subjects were divided into those with high (X8), average (4-7) and low (p3) score. Adolescents with low (n ¼ 153, 42%) compared with those with average (n ¼ 187, 51.2%) and high (n ¼ 25, 6.8%) KIDMED score were characterized by greater ACR values (22.4 vs 13.4 vs 12.1 mg/g, Po0.05) even after adjustment for confounders. In the total population, KIDMED score was related to body mass index (r ¼ 0.122, P ¼ 0.02), waist circumference (r ¼ 0.118, P ¼ 0.02), systolic blood pressure (BP) (r ¼ 0.119, P ¼ 0.023), whereas it was negatively associated with ACR (r ¼ À0.111, P ¼ 0.041). Regarding ACR, it was associated with age (r ¼ À0.11, P ¼ 0.044), male sex (r ¼ 0.16, P ¼ 0.003), body mass index (r ¼ À0.131, P ¼ 0.016) and systolic BP (r ¼ À0.144, P ¼ 0.008). Conclusions: Adolescents who adhere to the Mediterranean diet exhibit lower levels of albuminuria, independently of demographic and hemodynamic confounders. The inverse relation of KIDMED index with ACR suggests a close link of accelerated vascular damage reflected by albuminuria with low adherence to this favorable diet of the Mediterranean basin.
Introduction
The Mediterranean diet is probably one of the healthiest currently existing (Willett et al., 1995; Trichopoulou and Lagiou, 1997; Serra-Majem et al., 2004; Karlin et al., 2008) and greater adherence to this dietary model is related with lower blood pressure (BP) levels, lower incidence of hypertension and atherosclerotic manifestations, as well as with reduced cardiovascular risk (Panagiotakos et al., 2003; Psaltopoulou et al., 2004; Trichopoulos and Lagiou, 2004; Estruch et al., 2006; Panagiotakos et al., 2007; Nú ñez-Có rdoba et al., 2009) . During the past decades there has been a gradual abandonment of this favorable dietary pattern by the younger generations of the inhabitants of the Mediterranean basin (Serra-Majem et al., 2004; Trichopoulos and Lagiou, 2004; Karlin et al., 2008) . Thus, a nutritional index for adolescents, the Mediterranean diet Quality Index for children and adolescents (KIDMED) index emerged as a clinical tool to assess adherence to this particular diet (Serra-Majem et al., 2004) . However, until nowadays there are not sufficient studies on the association of KIDMED index with indices of subclinical atherosclerosis in adolescents in order to strengthen the role of this nutritional index in everyday practice.
In adult populations, albuminuria constitutes, apart from established target organ damage in hypertension, a potent marker of atherosclerosis progression, diffuse endothelial dysfunction and increased cardiovascular risk (Hillege et al., 2001; Tsioufis et al., 2004; Tsioufis et al., 2005; Arnlöv et al., 2005) . The study of albuminuria in adolescents before the onset of overt adult clinical disease, although currently limited to diabetic adolescents, (Rademacher et al., 2008; Rademacher and Sinaiko, 2009 ) is attractive allowing recognition of pro-atherosclerotic predictors in a free of disease-burden setting.
Based on the above description, the aim of this study was to assess the relationships of adherence rates to the Mediterranean diet by means of the established KIDMED score with urinary albumin excretion, expressed as the albumin to creatinine ratio (ACR), in a cohort of Greek adolescents who participated in the Leontio Lyceum ALbuminuria (3L Study) epidemiological study.
Methods

Study design
A detailed description of the 3L study methods has been previously presented (Tsioufis et al., 2009) . In brief, this is a prospective school-based study conducted at the Leontio School at Patisia, Athens. This school is located close to the centre of the city of Athens and is attended by children mainly from middle-class families living all over the city. Healthy Caucasian adolescents, 12-17 years of age were invited to participate on a voluntary basis. A total of 365 adolescents (212 males and 153 females) were included. Subjects with secondary hypertension, acute or significant chronic disease or on regular drug treatment as well as girls with menses were excluded. As part of this examination, we performed anthropometric (weight, height, waist and hip circumference) measurements and cut-off points for body mass index defining obesity were calculated according to International Obesity Task Force criteria (Cole et al., 2000) . For each adolescent, a questionnaire was completed that was developed in order to retrieve information on participants' dietary habits (through a semi-quantitative food frequency questionnaire), lifestyle and socioeconomic characteristics. Adherence to the Mediterranean diet was assessed by the established KIDMED score (Serra-Majem et al., 2004) . The index ranged from 0 to 12, and was based on a 16-question test conducted by interview. Questions denoting a negative connotation with respect to Mediterranean diet were assigned a value of À1, and those with a positive aspect þ 1 (see Table 1 ). The sums of the values from the administered test were classified into three levels: (1) 48, optimal MD; (2) 4-7, improvement needed to adjust intake to Mediterranean patterns; (3) p3, very low diet quality (Serra-Majem et al., 2004) . All subjects underwent office BP measurements by trained physicians on two different occasions during a routine school day. The first measurement was obtained at the end of the interview, after completion of the study questionnaire, and the second one at the end of the study protocol. Measurements were taken (Stergiou et al., 2006) with the student in the sitting position after 5 min rest. Three consecutive measurements of BP and heart rate were taken at heart level on each arm (a total of 12 measurements for every student). One standard adult cuff, one oversized cuff and three pediatric cuffs of different sizes (inflatable bladder 9 Â 16 cm, 13 Â 23 cm, 15 Â 30 cm) were used to fit the arm circumference of each individual (bladder to cover 80-100% of arm circumference) (Chobanian et al., 2003) . Those found to have an average systolic or diastolic BP greater than or equal to the age, sex and height-specific 95th percentile BP value on both occasions were considered as hypertensives (Chobanian et al., 2003; Stergiou et al., 2006; Mancia et al., 2007 Mancia et al., , 2008 . In all participants ACR values were determined in a morning-spot urine using an automated analyzer (DCA 2000 Bayer Diagnostics Europe, Chapel Lane Swords, Co-Dublin, Ireland). Microalbuminuria was defined as ACR ¼ 22-300 mg/g in boys and ACR ¼ 31-300 mg/g in girls.
The study protocol was approved by the Education Institute of the Hellenic Ministry of Education (111799/G2/ 2-9-2008), as well as the ethics committee of our institution (ES 12/11-6-2008) . Before study entry, all children agreed to participate and their parents signed informed consent for study participation.
Statistical methods SPSS statistical package, release 12.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. Significant differences between the study subgroups were determined using the Student's independent-samples t-test or the w 2 -test where appropriate. Correlation analyses were performed using the Pearson's correlation coefficient. Analysis of covariance was performed in order to detect significant differences in ACR between study subgroups after adjustment for potential confounders.
Descriptive statistics were arithmetic means±s.d. All statistical assumptions were met and no multicollinearity problems were found to exist in our analyses. Statistical significance was set at Po0.05.
Results
The demographic, ACR, BP data and lifestyle characteristics in the three groups of the KIDMED score stratification are presented in Table 1 . Low KIDMED index was found in 42% of the sample (n ¼ 25), 51.2% (n ¼ 187) demonstrated average values and 6.8% (n ¼ 25) had high-index results. Participants with low and average KIDMED score compared with those with high score did not differ regarding age, sex, diastolic BP, pulse pressure and heart rate (P ¼ NS for all). However, adolescents with low and average KIDMED score exhibited lower body mass index (by 1.5 and 1.1 kg/m 2 respectively, Po0.05 for both), waist circumference (by 4.3 and 2.9 cm, respectively, Po0.05 for both) and attenuated systolic BP levels (by 5.4 and 4.4 mmHg, respectively, Po0.05 for both). Moreover, participants in the low KIDMED group had lower prevalence of hypertension compared with those with average and high KIDMED score (1 vs 5 vs 16%, Po0.04 for all).
Regarding albuminuria, those with low KIDMED score were characterized by higher ACR values compared with those with average and high KIDMED score (by 9 and 10.3 mg/g, respectively, Po0.05 for both), whereas there were no differences in ACR between those with average and high KIDMED score (P ¼ NS) and the prevalence of microalbuminuria did not exhibit statistically-significant differences between groups (P ¼ NS for all). Furthermore, the differences in ACR levels between groups remained statistically significant even after accounting for age, sex, body mass index, systolic and diastolic BP (Po0.05).
Focusing on lifestyle, those with average and high compared with those with low KIDMED score participated in a greater percentage in sports outside school (by 14 and 24%, respectively, Po0.05 for both), were eating outside home less frequently (by 18 and 9%, respectively, Po0.05 for both) and were spending less hours per day watching television (by 0.25 and 0.22 h/day, respectively, Po0.05), whereas there were no differences between groups regarding leisure time (P ¼ NS for all).
Relationships
In the total population, KIDMED score was positively related to body mass index, waist circumference, systolic BP and pulse pressure, whereas was negatively associated with male sex, ACR and hours of watching television. Moreover, ACR exhibited a positive relation with male sex, whereas a negative one with age, body mass index, waist circumference, systolic BP and pulse pressure (Table 2) . By performing multiple-regression analysis with ACR as the dependent variable and age, sex, body mass index, waist circumference, systolic/diastolic BP, heart rate and KIDMED score as the independent variables, it was revealed that only male sex (b ¼ 0.117, P ¼ 0.043) and waist circumference (b ¼ À0.120, P ¼ 0.038) were independent predictors of albuminuria levels in the entire adolescent population.
Discussion
The main finding of this study is that adolescents who adhere to the Mediterranean diet exhibit lower levels of albuminuria, independent of demographic and hemodynamic confounders. Moreover, there is an inverse relation of KIDMED index with albuminuria in the entire adolescent population of the 3L study, suggesting a close link of accelerated vascular damage reflected by albuminuria with low adherence to this favorable diet of the Mediterranean basin. Interestingly, only 6.8% of the adolescents in the 3L study were classified as high adherers to the Mediterranean diet, whereas 42% had poor KIDMED score, reflecting an adverse diet-related proatherogenic profile of this population through the observed relation of KIDMED score with urinary albumin excretion.
Focusing on the adherence rates to the Mediterranean diet, a previous study conducted in Cyprus (the CYKIDS Study) (Lazarou et al., 2009a, b) among school children (10.7±0.98 years) by using the KIDMED index, investigators reported results similar to ours (that is, 37% of the children had a poor Mediterranean score and 6.7% exhibited optimal scores). Another survey conducted in Crete (Chatzi et al., 2007) that assessed adherence to Mediterranean diet by applying the same tool, the KIDMED index, also ended up to similar conclusions for the lowest KIDMED category but the percentage classified into the optimal group was four times higher. In the same lines, in a representative sample of 1.305 Greek children and adolescents, only a small percentage of children (11.3%) and adolescents (8.3%) were characterized by an optimal KIDMED score (Kontogianni et al., 2008) . It is of note that no difference in the total KIDMED score was found in a study (Karlin et al., 2008 ) that compared the nutritional habits between Cretan (5.71, 95% CI 4.60-6.82) and Swedish (5.91, 95% CI 5.26-6.56) children, suggesting that Cretan children may have abandoned some aspects of traditional Mediterranean diet or that Swedish children have changed their diet in favor of more Mediterranean food pattern. In support of the hypothesis of a current trend towards abandoning Mediterranean diet, the EnKid Study, (Serra-Majem et al., 2004) conducted in both adults and youths in the Spanish Autonomous Communities showed that the youngest age groups exhibited greater abandonment of traditional Mediterranean patterns, raising the question about the future of this favorable diet. This is the first study showing that in healthy adolescents, there is an inverse relation of KIDMED index with albuminuria. One could suggest that the protective to the endothelium and anti-atherosclerotic properties of the Mediterranean diet (Willett et al., 1995; Trichopoulou and Lagiou, 1997; Panagiotakos et al., 2003 Panagiotakos et al., , 2007 Psaltopoulou et al., 2004; Serra-Majem et al., 2004; Trichopoulos and Lagiou, 2004; Estruch et al., 2006; Karlin et al., 2008; Barceló et al., 2009 ; Nú ñez-Có rdoba et al., 2009) could be the pathophysiological explanation for the observed relation of the level of adherence to this favorable diet and decreased urinary albumin excretion. It is also established that the Mediterranean food pattern is related to reduced inflammatory activation (Carter et al., 2010) that in its own turn is associated with attenuated levels of albuminuria as previously shown (Tsioufis et al., 2004; Tsioufis et al., 2005) . Moreover, taking into consideration that albuminuria reflects diffuse vascular dysfunction, (Tsioufis et al., 2004 (Tsioufis et al., , 2005 ) the higher the KIDMED score the lower the level of impairment of the vascular tree even at this early stage of the proatherosclerotic process.
We found a paradoxical association of both ACR and KIDMED index with obesity markers. In this context, adolescents with optimal and average KIDMED score compared with those with low score had higher values of body mass index and waist circumference, whereas exhibit lower ACR levels. Our findings are in contrary to studies based on data from obesity clinics in which ACR was found to be higher in obese children compared with normal weight children of the same age, underscoring the relation between obesity and albuminuria in pediatric population (Csernus et al., 2005; Burgert et al., 2006; Invitti et al., 2006) . Nevertheless, in consistency with our results an analysis of the general adolescent population of the NHANES data showed that the prevalence of microalbuminuria was higher in non-obese teenagers and ACR was related with glucose metabolism dysregulation (Nguyen et al., 2008) . Similarly, previous pediatric studies from community-based populations confirmed that overweight children had less albuminuria than leaner children (Serra-Majem et al., 2001; Alberti-Fidanza and Fidanza, 2004) . The pathophysiological 
Abbreviations: ACR, albumin to creatinine ratio; BMI, body mass index; DBP, diastolic blood pressure; HR, heart rate; PP, pulse pressure; SBP, systolic blood pressure. KIDMED-Mediterranean Diet Quality Index in children and adolescents. The statistically significant relationships are presented in bold.
reason for the above paradoxical finding is not yet fully elucidated. One could speculate that orthostatic proteinuria may be an important confounding variable as changes in posture (from supine to upright) can increase urinary protein excretion and is commonly seen in adolescents (Bangstad et al., 1993; Hogg, 2005; Hornberger et al., 2006) . Most importantly, orthostatic proteinuria is more prevalent among non-overweight adolescents. Furthermore, the subjects of our study were asked to recall the dietary habits that they had followed only for the past year and it is quite possible that obese having recognized their pathological state were forced to a healthier-diet style by their parents, educators or doctors. Towards this end, even small improvements in dietary lifestyle could be associated with reduced ACR, as a KIDMED score over 4 reflects statistically lower ACR levels compared with a score p3, even adjustment for confounders. Another point to be addressed is the positive association of KIDMED index with systolic BP and pulse-pressure levels and consequently the fact that the prevalence of hypertension in the group of low KIDMED score was 1%, in the average 5% and unexpectedly in those with optimal score 16%. This could be attributed to the differences in body mass index and waist circumference between groups showing that the obesity-related increase in BP is superior to the Mediterranean diet's hemodynamically favorable effects in adolescents. It is generally acknowledged that the risk of hypertension in children increases across the entire range of body mass index values and that the early clinical course of obesity hypertension appears to be characterized mostly by isolated systolic hypertension (Sorof and Daniels, 2002) , as observed in this study. In contrast, the CYKIDS study, (Lazarou et al., 2009a, b) showed that, compared with those with at least an average KIDMED score, children with low score were 75% less likely to have elevated diastolic BP, whereas they exhibited a nonsignificant trend for lower systolic BP (by 29%) and lower overall BP levels (by 30 %). In these lines, ACR was inversely related to systolic BP and pulse pressure in our population, although previous reports failed to reveal such an association in similar settings (Rademacher et al., 2008) . Strengthening the above, hemodynamic load seems not to constitute a significant contributor to the pathogenesis of albuminuria in adolescents, as only male sex and central obesity reflected by waist circumference were independent predictors of ACR in the 3L study.
Regarding differences in the KIDMED score by gender in the 3L study, there were no significant differences between boys and girls, in-line with the results of the CYKIDS, (Lazarou et al., 2009a, b) and the EnKid Study, (Serra-Majem et al., 2004) . Also, in accordance to CYKIDS, a large percentage of both boys and girls of our study have less than the recommended levels of physical activity, whereas the average television-viewing time can be characterized as high based on the American Academy of Pediatrics recommended daily time (Barlow et al., 2007) . Interestingly, we found that boys and girls with average or optimal KIDMED score had higher levels of physical activity and fewer hours of watching television per day compared with those with poor diet quality, defining a healthier lifestyle accompanied by less albuminuria.
Limitations and strengths
This study has certain limitations, which should be taken into account before generalizing its results. First, it was a cross-sectional study, thus no conclusions can be made about temporal or causal relationships. Our population of 365 adolescents is limited and inclusion of a greater number of participants might strengthen our findings. Moreover, dietary and lifestyle data were based on self-reports with the use of the KIDMED index and although we made every effort to get as accurate data as possible, there is a possibility that misreporting has occurred. Over-or underreporting of food or food groups consumed by the adolescents may bias the reported results. The evaluation of food consumption in adolescents is more complex than in adults because of the fact that we deal with a period characterized by constant change and development in which dietary habits evolve quite rapidly and the data obtained might have attenuated accuracy. Because of ethical limitations, blood samples were not taken from any of the participants and no correlations can be made between ACR and common obesity-related cardiovascular-risk factors including plasma insulin, glucose, lipids, as well as other laboratory, and renal function parameters. There is also an issue regarding the low number of adolescents achieving optimal KIDMED score in comparison with those with average and poor score, however, according to present data these differences occur in the general population. Urine was not collected in the supine position and increased ACR in some cases may reflect orthostatic albuminuria. Overestimation of albuminuria might have occurred as the single measurement could reflect transient augmentation of ACR, whereas ACR in its own turn may overestimate albumin excretion in those subjects with lower levels of creatinine excretion, such as younger adolescents and girls.
Potential strengths of the study is that all urine samples were collected in the morning making exercise shortly before examination less likely, the inclusion of a wide array of socio-demographic parameters, the face-to-face interview and the use of validated automated oscillometric devices for BP estimation.
Conclusions
In the 3L study, only 6.8% of the adolescents were classified as high adherers to the Mediterranean diet, whereas 42% had poor KIDMED score, underscoring the emerging abandonment of traditional Mediterranean food patterns. Furthermore, adolescents who adhere to the Mediterranean diet exhibit lower levels of albuminuria, independent of demographic and hemodynamic confounders, whereas there is an inverse relation of KIDMED index with albuminuria, suggesting a close link of accelerated vascular damage reflected by albuminuria with low adherence to this favorable diet of the Mediterranean basin.
